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• Why worry about loop-induced couplings?  Naturalness!

• Precision of LHC vs. future facility 

• Can (loop-induced) Higgs coupling measurements probe 
new states beyond direct reach of LHC?  Yes!

• How much sensitivity does a future facility buy?

Basic questions:

See also talks by T. Han and I. Low at Princeton Higgs Snowmass Workshop
http://physics.princeton.edu/indico/conferenceDisplay.py?confId=127

http://physics.princeton.edu/indico/conferenceDisplay.py?confId=127
http://physics.princeton.edu/indico/conferenceDisplay.py?confId=127


Loop-induced Higgs couplings in the Standard Model
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• Dominant production mechanism at LHC!
• Most sensitive search channel for 125 GeV Higgs
• Very susceptible to New Physics!
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[Falkowski, Riva, Urbano ’13]

note: has not been 
updated with new 
diphoton analysis

Status of hgg, hγγ
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[Gainer, Keung, Low, Schwaller ’12]

Should 
eventually be 
able to probe 
SM rate using

            channel�+�−γ

(not yet)
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Figure 2: Expected precision for Higgs couplings measure-
ments at the HL-LHC, ILC up to 500 GeV and their com-
bination. For the latter we also show the fit including ∆c.
The inner bars for HL-LHC denote a scenario with improved
experimental systematic uncertainties.

Figure 4: Estimates of the accuracy that can be achieved in Higgs coupling measurements
using a model-independent fit to LHC and ILC measurements, from [43]. The estimates are
shown as a fraction of the predicted Standard Model value for the Higgs coupling constants.
The indicated horizontal lines represent 5% deviations. For the invisible Higgs decay, the
quantity plotted is the square root of the branching fraction. The programs shown include
(left to right for each entry) LHC at 14 TeV and 300 fb−1, ILC at 250 GeV and 250 fb−1,
ILC at 500 GeV and 500 fb−1, ILC at 1000 GeV and 1000 fb−1.

[Peskin ’12]
[Klute et al. ’13]

What level of precision 
can we hope to achieve?

ghAA = (1 +∆A)g
SM
hAA

LHC:  ~ 10% level 
Future facility:  ~ few % levelhγγ, hggFor

Noticeably absent is         ; should be revisited!hγZ



Naturalness
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The virtuality of the final state gauge boson allows to kinematically open this type of decay

channels in some other cases where they were forbidden at the two–body level

H → AZ∗ → A(H)f f̄ , H → H±W±∗ → H±f f̄ ′ , H± → AW±∗ → Aff̄ ′

A → HZ∗ → Hff̄ , A → H±W±∗ → H±f f̄ ′ , H± → HW±∗ → Hff̄ ′ (2.22)

At low tan β values, the branching ratio for some of these decays, in particular H± → AW ∗,

can be sizable enough to be observable.

Finally, let us note that the direct radiative corrections to the H± → AW decays have

been calculated in Ref. [215]. They are in general small, not exceeding the 10% level, except

when the tree–level partial widths are strongly suppressed; however, the total tree–level plus

one–loop contribution in this case, is extremely small and the channels are not competitive.

The same features should in principle apply in the case of H± → hW and A → hZ decays.

2.1.3 Loop induced Higgs decays

The γγ and γZ couplings of the neutral Higgs bosons in the MSSM are mediated by charged

heavy particle loops built up by W bosons, standard fermions f and charged Higgs bosons

H± in the case of the CP–even Φ = h, H bosons and only standard fermions in the case of

the pseudoscalar Higgs boson; Fig. 2.8. If SUSY particles are light, additional contributions

will be provided by chargino χ±
i and sfermion f̃ loops in the case of the CP–even Higgs

particles and chargino loops in the case of the pseudoscalar Higgs boson.
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Figure 2.8: Decays of the h, H, A bosons into two photons or a photon and a Z boson.

In the case of the gluonic decays, only heavy quark loops contribute, with additional

contributions due to light squarks in the case of the CP–even Higgs bosons h and H ; Fig. 2.9.
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Figure 2.9: Loop induced decays of the neutral MSSM Higgs bosons into two gluons.

In this subsection, we will discuss only the contributions of the SM and H± particles,

postponing those of the SUSY particles, which are assumed to be heavy, to the next section.
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New loop-induced couplings



Extended scalar sector

Compositeness

MSSM 
(Type 2 2HDM)

L ⊃ −ūRYuQHu + d̄RYdQHd + ēRYeLHd + h.c.
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Tree level modifications         loop level modifications
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How high in       can we go at LHC?mt̃1

Current Stop limits
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[Han, Mahbubani, Walker, Wang ’08]

pp → tt̄+ �ETReach for top partners

Difficult to go beyond ~ TeV in mass reach, model dependence
Can Higgs coupling measurements do better?

(Semi-leptonic)
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New charged/weakly interacting  particles

χ0

χ±

...
Dark matter is neutral - may be 
part of an electroweak multiplet
     

  New charged states

Can couple to the Higgs
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χi New loop-induced couplings

Can come along with Higgs, top partners in natural theories

Difficult to probe directly at LHC
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tanβ = 50tanβ = 1.5
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Difficult to probe at LHC, see e.g. 
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• Why worry about loop-induced couplings?  Naturalness!
• Ultimate reach of direct searches for top-partners and kin at LHC?

• Size of deviations in Higgs couplings caused by such particles? 

• Precision of LHC vs. future facility 
• Improvements in Higgs coupling measurements (new strategies)

• Improved estimates for ultimate reach

• What about         at future facilities?

• Can (loop-induced) Higgs coupling measurements probe new 
states beyond direct reach of LHC?  Yes!

• More precise statements are needed... 

• What models? Which range of masses and couplings?

• How much sensitivity does a future facility buy?
• Translate Higgs couplings studies to models

Basic questions:

hγZ


